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1. Background 
The placement of artificial in-channel structures (including large cobbles / boulders) into any 
fluvial system needs to be considered carefully. A primary question that needs to be answered is, 
'does the habitat at the potential introduction site show unnaturally low habitat 
diversity in its present condition?' 
Secondly, if this first criteria is satisfied, it must also be considered that boulder introduction is 
only one tool in a suite of possible methods for increasing in-channel habitat diversity, (for other 
examples see Summers, Giles and Willis, Restoration of Riverine Trout Habitats, A Guidance 
Manual, E.A. Technical Report W18, 1996; and Brookes and Shields, River Channel, 
Restoration, Wiley, 1996). A geomorphologist should be consulted as to the relative 
suitability of boulder placement re. other techniques at this initial stage. 
Thirdly, it should also be recognised that fluvial systems that display a paucity of in-channel 
habitat diversity, are often also prone to low bank habitat diversity, if this is the case efforts should 
be made to improve the bank habitat in conjunction with in-channel improvements. Again a 
geomorphologist should be consulted as to the most appropriate methods to employ at a 
chosen site. 
Fourthly, it must be considered that in-channel enhancement works such as boulder placement, 
have the potential to impact upon other functions such as Conservation and Landscape, and in 
some cases Flood Defence, and consultation with such functions should be an intricate part of 
the habitat improvement process. 
Fifthly, the concept must be accepted that any artificial feature placed into a channel will move 
eventually, given a large enough, or a series of large, flood events. Even if the body of the boulder 
represents such a huge mass that the maximum possible flood in a river system is incapable of 
mobilising it, 'the river will change in relation to the boulder', ie. the natural substrate into which 
the boulder is placed will erode and change morphologically around it, with the likely outcome 
that some form of scour encourages movement, even if this is just in the context of settlement and 
re-settlement over time. Furthermore it is desirable for any boulder placements to move 
moderately under a large flood event, (eg. 1:10-20 years), so that the sediment continuum of the 
river is not broken, ie. in order to release any gravels ponded behind it, and to reduce the 
likelihood of gravel ponding in conjunction with settlement effectively burying the boulder in the 
bed. ' 
2. Wider considerations of boulder placement 
Site Considerations: 
• Are there existing boulders within the planned placement reach (eg. within 250m upstream 
/ downstream of the site)? If so want size are they? 
• The placement reach should be straight, or near straight. 
• The banks of the placement reach should not exhibit signs of erosion or slumping. 
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• Boulders should not be placed within 1 bank heights distance of the bank toe, 
(recommendation of Harriet Orr, correspondence with Mark Atherton, 6.5.1997), and to 
expand on this: in channels where the width/bank height ratio is < 20:1 this should be 
expanded to be, no placement within 1.5 bank heights distance of the toe. 
Material Considerations: 
• Boulders should be of a suitable (naturally occurring) geological type within a catchment 
context. 
• In reaches where exposed boulders are not naturally occurring channel features, 
introduced boulders should lie fully submerged at all but the most moderate of flows, (eg. 
Q95). 
3. Boulder placement and shape 
• In terms of definition 'boulders' are in effect only particles over 240mm intermediate 
diameter axis, smaller particles (64-240mm) are defined as 'cobbles'. [Intermediate axis 
shown as axis B in fig. 1 below]. 
Figure 1: Boulder Axis, Shape and Orientation 
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• Boulders should be placed in a channel, so that their A axis is orientated in the direction 
of flow. (As shown in fig. 1 above). 
• Boulders should be buried to one third of their depth to increase the stability of placement, 
minimise settlement and reduce their visual impact at low flows. (As shown in fig.l 
above). 
• Boulders should be chosen to have a long A axis in relation to there B and C axis, 
increasing mass < without significantly increasing the entrainment surface are that the 
boulder presents to the flow. (As shown in fig. 1 above). 
4. Boulder Sizing 
• If stable boulders are naturally occurring in the placement reach some guidance on sizing 
may be taken from them, (note: signs of stability include lichenous growth on upper faces, 
well developed scour pools in front boulders, gravel lenses accumulated behind them). 
• In reaches with no naturally occurring boulders it is, necessary to employ empirical 
calculations to derive sizings. It is important to note that effort to provide transport 
formulae for all sizes of sediment (from clay to boulders) have been ongoing utilising 
flume and field experimentation since the end of the last century, and have led to the 
publication of hundreds of techniques. Many of these are suitable only for a limited range 
of particle sizes. There is no one recognised 'universal formula', and it is necessary 
to consult a geomorphologist as to the most suitable for use at a given site. 
• In terms the placement of larger particles, in gravel / gravel-cobble bed rivers, such as the 
majority of systems in the North West including the Ribble, extensive review recommends 
a small group of formulae as suitable1, these include the techniques of Scoklitsch, Meyer-
Peter and Muller, Parker, duBoys, Einstein, Ackers and White, Profitt and Sutherland and 
Bagnold. 
• In the case of the Ribble at Sawley, a relatively large, moderate slope, gravel-cobble river, 
Bagnold's Excess Stream Power Method is most appropriate. 
Excess Stream Power2 - A method of assessing the potential of a flow to entrain particles, (eg. 
cobbles and boulders), Ie. initiate the movement of particles at the stream bed. 
Entrainment commences when: w >- w0 
Ie. calculated stream power (w) [watts"1 m"2] exceeds a critical threshold (w0) [dimensionless] 
When: w=pgQS/b and w0 = 290(D50)15log(12/d/D50) 
Where: 
1Ref: Gomez and Church (1989), Water Resources Research, 25 (6), 1161-1186. 
2As developed by Bagnold through a series of experimental findings 1960-1980, and 
particularly in: Bagnold (1966), An approach to the sediment transport problem from general 
physics, U.S. Geol. Surv. Prof. Pap. 4221, p.42. 
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D50 = mean particle diameter (intermediate axis) [m] 
Q = discharge [nVV1], S = slope [m/m], p = density of water [kg_1m"3] 
g = gravitational acceleration [m"1 s"2], d = depth at bankfull [m], b = stream width [m] 
In this calculation g may be assumed as a constant (9.81), likewise p may be assumed as a 
constant (1000), the variables of width and depth may be observed on site, and slope may be 
calculated from a large scale OS. map. [In the case of Sawley bridge all factors are taken from 
the River Habitat Survey site SD653 345]. Discharge however requires more consideration. In 
the case of Sawley an examination of the long term flow record at the Salmesbury gauging station 
downstream of the site, suggests that a flow of 400 cumecs at the site would constitute a suitable 
flood discharge for the purpose of empirical calculations. An application of the Manning formula 
to this site3 in order to check that this figure of flow is sensible indicates that such a flow would 
be over bank-top, inundating the flood-plain, (when this occurs entrainment stress in the main 
channel is reduced). However for the purpose of this calculation it is assumed that the entire flow 
is carried within the channel, this will produce a result that contains an element of free-board. 
3
 Ref. Chow (1959), Open Channel Hydraulics, McGraw-Hill, p.98-99. 
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Boulders should be orientated, buried into the bed as suggested in Fig. 1 above, no closer than 
2.5m from the bank toe. 
As a form of double check on these calculations figure 2 may be consulted, this diagram is based 
on a compilation of the findings of many flume experiments, however it should not be used as 
a sole method for boulder sizing, it is too general to be used as anything other than a 
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double-check on values produced using formulae designed for conditions found at the 
placement location (eg. to large particles in gravel bed rivers). In this case it supports the 
empirical work above, giving a maximum entrainment size of approx. 350mm (right hand edge 
of shaded area), for velocities of approx. 0.5m/sec4. 
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4This is a coarse estimate based on the application of Manning's Formula, Ref. Chow 
(1959), Open Channel Hydraulics, McGraw-Hill, p.9'8-99, assuming a maximum roughness 
coefficient of 0.1, (Chow, p. 113). 
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